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Fig. 1  Location of the Shiriuchi River, Chitose River, Izari River, and other related rivers 
in Hokkaido. The Chitose River is a tributary of the Ishikari River and Izari River is a 
tributary of the Chitose River. 
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Fig. 3  Variation in mean vertebral number ± standard deviation of chum salmon fry in the 
Chitose River. Data are cited from Kubo (1956). Season (early/late) in parentheses below 
the year shows the season in which the eggs were collected. Letters on the bars indicate 
the results of statistical analysis and identical letters indicate that there is no significant 
difference according to multiple comparison t-test at a P = 0.05 level.  
Fig. 2  Mean vertebral number ± standard deviation of chum salmon fry in the Shiriuchi and 
Chitose rivers. These populations were reared under similar conditions. The archival data from 
the 1950s are cited from Kubo (1956) (dotted bars). Month in parentheses after the year shows 
the season in which the eggs were collected. P-values on the bars indicate the results of the 
statistical analysis and “n.s.” indicates that the difference was not significant according to a 
Kolmogorov-Smirnov two sample test at a P = 0.05 level. 
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Fig. 4?  Mean vertebral number in chum salmon in the Izari and Chitose rivers under 
different incubation water temperatures, from fertilization to 50 % hatching. Families 
#1, #2, #3, #7, and #8 belong to the Izari River, and families #4, #5, and #6 belong to 
the Chitose River. “Pop.” indicates population originated using many chum salmon 
adults for stock enhancement programs in the Chitose River. 
Fig. 5   Comparison of the mean vertebral number in two thermal treatment groups of three
chum salmon families (families #1, #2, and #3). Bars indicate the standard deviations. The 
12D groups were incubated from fertilization to 50 % hatching using controlled water 
temperature (11.9 °C) and the River groups were incubated under natural conditions until 
just before hatching (12.0 °C). 
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Fig. 6 ? Mean vertebral numbers in chum salmon adults in the Chitose River for 
four years. Chum salmon were collected three times within a year. Bars indicate the 
standard deviations. 
Fig. 7  Mean vertebral numbers of chum salmon adults in the Osatsu, Shimamatsu, and 
Atsubetsu rivers. Bars indicate the standard deviations. Figures in the parentheses 
indicate sample size. Early spawning group means fish collected in September and 
October, and late spawning group means fish collected in November and December. 
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Fig. 8  Comparison in the mean number of pyloric caeca of chum salmon adults between two 
sampling periods for three year classes. Early spawning group indicates the adults collected 
in September and October, and late spawning group indicates the adults collected in 
November and December, respectively. Vertical bars indicate the standard deviations. 
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Fig. 9  Parent-offspring regression on vertebral number of chum salmon in the Izari 
(closed circles) and Chitose rivers (open circles). Upper; regression between 
mid-parent and offspring. Middle; regression between females and offspring. 
Lower; regression between males and offspring. Asterisks indicate significant 
relationship (P < 0.05*, P < 0.01**).    
351
10 
 
64.5 
65.0 
65.5 
66.0 
66.5 
67.0 
67.5 
68.0 
68.5 
21.5 22.0 22.5 23.0 23.5 24.0 24.5 25.0 
Izari River
Chitose River
Number of gill raker
V
er
te
br
al
 n
um
be
r
63.5 
64.0 
64.5 
65.0 
65.5 
66.0 
66.5 
67.0 
67.5 
M1 M2 M3 M4 M5 M1 M2 M3 M4 M5 M1 M2 M3 M4 M5 M1 M2 M3 M4 M5 M1 M2 M3 M4 M5
F1 F2 F3 F4 F5
Family
V
er
te
br
al
 n
um
be
r
 
  
Fig. 11  Discriminant analysis using number of gill raker and vertebral number in chum 
salmon adults. Vertical and horizontal bars indicate the standard deviations. 
Fig. 10  Comparison in mean vertebral numbers among 25 chum salmon families produced 
using 5×5 type diallel cross mating design. Bars indicate the standard deviations.  
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Fig. 12  Comparison in mean vertebral numbers of chum salmon fry among 12 rivers on 
Hokkaido. Bars indicate the standard deviations. Chum salmon fry were reared in the 
laboratory under the similar conditions using spring water. Abbreviation for rivers are 
following meanings, ENB; Enbetsu River, SHO; Shokanbetsu River, CHI; Chitose River, 
SHIR; Shiribetsu River, TOS; Toshibetsu River, HEK; Hekirichi River, OSA; Osaru River, 
SHIK; Shikiu River, HID; Hidakahorobetsu River, SAR; Saruru River, TOK; Tokachi River, 
and KUS; Kushiro River. Year and month in the parentheses indicate the sampling season in 
each river. Asterisks indicate significant difference (P <0.001) in mean vertebral number 
among population. 
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